INTRODUCTION
Free-living scuticociliates have been revealed during the last few decades as a highly diverse assemblage with many more undescribed taxa than expected, especially in marine habitats, where they may be abundant (Dragesco, 1968; Fernandez-Leborans & Novillo, 1994; Grolière & Detcheva, 1974; Small & Lynn, 1985; Song, 1995 Song, , 2000 Song & Wilbert, 2000 , 2002 Wang et al., 2008a) . As noted previously (Foissner et al., 1994; Pérez-Uz & Song, 1995) , living individuals of most scuticociliates are morphologically similar, making a combination of in vivo observations and description of the infraciliature and other structures revealed by silver impregnations necessary for accurate identification and description.
In the present paper, we describe an unknown ciliate that was isolated from a coastal area of the Yellow Sea in northern China. Its unique infraciliature, especially that of the oral apparatus, marks it as belonging to a new taxon at both the genus and family levels. In addition, its smallsubunit (SSU) rRNA gene was sequenced to analyse its phylogenetic position.
DNA extraction, PCR amplification and sequencing. Total genomic DNA was extracted from cells using the REDExtract-NAmp Tissue PCR kit (Sigma) as described by Gong et al. (2007) . PCR amplification of the SSU rRNA gene was performed as described by Miao et al. (2007) with primers Euk A (59-AACCTGGTTGA-TCCTGCCAGT-39) and Euk B (59-TGATCCTTCTGCAGGT-TCACCTAC-39) (Medlin et al., 1988) . A blunt-ended PCR product was prepared with T4 nucleotide polymerase and T4 kinase and then inserted into the pUCm-T vector (Takara). Transformations were accomplished using Escherichia coli JM109 competent cells. A miniprep spin column kit (Sangon) was used to harvest and purify the plasmid DNA from confirmed clones for sequencing. Sequencing reactions were performed in both directions with an ABI Prism 377 automated DNA sequencer. For sequencing primers, we used three internal universal SSU rRNA gene primers (forward and reverse) as described by Elwood et al. (1985) together with primers M13F and M13R.
Phylogenetic analyses inferred from sequences of the SSU rRNA gene. Other than the SSU rRNA gene sequence of the new species, sequences of other ciliates used in the phylogenetic analysis were obtained from the GenBank/EMBL databases (Table 1) . Two species of Protocruzia were selected as the outgroup for all analyses. The SSU rRNA gene sequence of one other pleuronematid, Cyclidium porcatum, was removed from the alignment after preliminary analysis because its inclusion produced unstable topologies that interfered with analyses and eliminated any benefit from its inclusion.
Sequences were aligned using CLUSTAL W version 1.83 (Thompson et al., 1994) and the alignment was refined using BioEdit (Hall, 1999) by considering features of secondary structure. The final alignment included 50 taxa and 1703 nucleotide positions. Bayesian inference (BI) was performed with MrBayes version 3.1.2 (Huelsenbeck et al., 2001) . Two Markov chain Monte Carlo (MCMC) simulations were run for 1 000 000 generations, each with four simultaneous chains, using a sample frequency of 100 and a burn-in of 2500 trees. MrModeltest (Nylander, 2004) was used to identify the GTR+C 4 model set for among-site rate variation and allowing all substitution rates of the aligned sequence to be different as the best model for the BI analysis. A maximum-parsimony (MP) tree incorporating 1000 bootstrap replicates was constructed using PAUP* version 4.0b10 (Swofford, 2002) by means of a heuristic search with all characters coded as unordered. The PHYLIP package version 3.66 (Felsenstein, 2006) was used to calculate similarity and evolutionary distances between pairs of nucleotide sequences using the two-parameter model of Kimura (1980) . A distance-matrix tree incorporating 1000 bootstrap replicates was then constructed with the neighbour-joining (NJ) method (Saitou & Nei, 1987) .
The approximately unbiased (AU) test was carried out using the CONSEL package (Shimodaira & Hasegawa, 2001 ). The hypothesis (monophyly of Philasterida, Pleuronematida and Loxocephalida) was used to generate the constraint tree. The resulting trees were compared with the unconstrained Bayesian result in PAUP* 4.0b10.
RESULTS

Systematic treatment
Eurystomatellidae n. fam.
Diagnosis.
Scuticociliates with close-set, well-developed and apically positioned oral membranelles; buccal field covering approximately two-thirds of the ventral surface and surrounded by an almost completely circular paroral membrane.
Type genus. Eurystomatella n. gen. Type locality. Sandy beach in Qingdao, Shandong Province, China (36 u 089 N 120 u 439 E); marine habitat. Etymology. The name sinica (Latin feminine adjective) refers to the fact that this species was first described from Chinese coastal waters.
Description. Living individuals usually measuring approximately 60630 mm, with elongate to slender oval shape, broadly rounded at both ends, with anterior end slightly truncated ( Fig. 1a, h; Fig. 2b, j) . Body dorsoventrally flattened, with height/width ratio of approximately 1 : 2. Buccal field comprising approximately 75 % of the body length and 70 % of the body width (Fig. 2j) , surrounded by a ridged ring (or base of paroral membrane), surface hardly invaginated except for upper third where the cytostome is located ( Fig. 1h; Fig. 2c , arrow). Pellicle ridged, characteristically notched in profile (readily visible only under high magnification; Fig. 2c ). No extrusomes detectable in living cell, but revealed by silver nitrate impregnation to be densely arranged along somatic kineties ( Fig. 1g, arrows; Fig. 3b ). Cytoplasm colourless to slightly greyish, often packed with numerous large granules (Fig. 1a, b, h; Fig. 2b , h, j). Usually one oval macronucleus with many globular nucleoli present ( Fig. 1e, f; Fig. 3e ), but several macronuclei (up to six) in some cells. Contractile vacuole located approximately one-fifth of the body length from posterior end, located left of the mid-line, measuring approximately 8 mm in diameter (Fig. 1a, b, h ). No pulsation of contractile vacuole detected. One large food vacuole, often irregular in shape, frequently located at posterior end of cell (Fig. 1a, b, h ).
Cilia of buccal apparatus conspicuously long (about 30-40 mm), never extending out strongly like those of some other scuticociliates (e.g. Pleuronema), lying flat and pointing toward the posterior within the buccal field ( Fig. 1a; Fig. 2e ). Cell with approximately ten elongate (30 mm long) caudal cilia radiating conspicuously away from body ( Fig. 1a, b; Fig. 2b, d, g ). Somatic cilia approximately 10 mm in length. Very characteristic movement as follows: frequently lying completely stationary on the bottom for long periods (.1 min) with all cilia stiffly spread, then crawling actively with jerking motion; when swimming (observed infrequently), moving moderately fast with rotation around the main axis of body (Fig. 1c) , then remaining very quietly suspended in the water at the same spot for long periods.
Somatic kineties numbering 13-15 and terminating anteriorly at small, non-ciliated apical plate; large, non-ciliated, post-oral field on ventral side ( Fig. 1i, j; Fig. 3g ). Scutica not observed. Somatic kineties composed of dikinetids in anterior half of body and monokinetids in posterior half (Fig. 1j, k) . Segment of kinety 1 posterior to buccal field invariably composed of dikinetids (Fig. 3g, arrows) .
Buccal apparatus as shown in Figs 1(d, i, j) and 3(c, d, h).
Paroral membrane (PM) composed of closely spaced dikinetids, consisting of an almost completely closed ring except at anterior end where membranelles are located. M1 usually consisting of one row of kinetosomes but sometimes two. M2 in two parts: a shorter right part (M2a) consisting of approximately seven rows of kinetosomes and a longer left part (M2b) usually consisting of four rows, one of which is shorter. M3 consisting of two to four rows of kinetosomes, often difficult to see because of their location close to the posterior end of the PM.
Silverline system composed of rectangular, transversely orientated units with interkinetal space to the right of each kinety ( Fig. 1g; Fig. 3i ). Approximately ten oral fibres (oral ribs) converging on cytostome ( Fig. 1i; Fig. 3a , arrowheads). Single contractile vacuole pore (CVP) located on the left side immediately posterior to the buccal field ( Fig.  1i, j; Fig. 3a) .
Sequence alignment and phylogenetic analysis
The complete SSU rRNA gene sequence of E. sinica includes 1757 bp, has a G+C content of 42.8 mol% and does not contain any conspicuous insertions or deletions. Similarities of the SSU rRNA gene sequence of E. sinica to those of the most closely related species in other genera of scuticociliates were as follows: Cyclidium (C. plouneouri, C. glaucoma), 87.5-91.2 %; Pleuronema (P. czapikae, Pleuronema sp. WYG051211, P. coronatum), 81.3-87.1 %; Schizocalyptra (S. aeschtae, S. sinica, S. similis), 82.3-87.0 %.
Phylogenetic analyses of SSU rRNA gene sequences revealed three distinct clades of the Scuticociliates: the orders Philasterida, Pleuronematida and Loxocephalida (Fig. 4) . In all three trees, philasterid and pleuronematid clades were strongly supported to be sister groups (1.00 in BI, 73 % in MP, 93 % in NJ), while the loxocephalids were distant from both of them, associating with peniculine ciliates (Fig. 4) . Monophyly of the scuticociliates was not supported in any of our trees regardless of alignment parameters, types of phylogenetic analysis or models of evolution used. However, the result of the AU test suggested that there were not significant differences when the three orders (Philasterida, Pleuronematida and Loxocephalida) were constrained to be a monophyletic clade. This indicates that the alternative hypothesis testing the monophyly of the Scuticociliatia was not rejected.
Monophyly of the order Pleuronematida was always retrieved (1.00 in BI, 100 % in MP and NJ) in all trees. E. sinica was sister to species of Cyclidium in a small, fully supported (1.00 in BI, 100 % in MP and NJ) clade divergent from other pleuronematids (Fig. 4) . Within this clade, the two species of Cyclidium clustered together, separately from E. sinica, with high bootstrap support (1.00 in BI, 100 % in MP and NJ).
DISCUSSION
The separation of families within the scuticociliates has generally been controversial because no widely acceptable criteria have been presented (Corliss, 1979; Foissner et al., 1994; Lynn, 2008; Lynn & Small, 2002; de Puytorac et al., 1994; Ma et al., 2005; Song, 2000) . Similarly, we cannot assign Eurystomatella to a known family with confidence, although molecular data indicate that it is related to Cyclidium in the well-known pleuronematid assemblage (Fig. 4) .
The widely accepted systems of both Corliss (1979) and Lynn (2008) assigned Cyclidium and Pleuronema to different families (Cyclidiidae and Pleuronematidae, respectively). Clearly, the infraciliature and buccal apparatus of E. sinica show little affinity with those of either of these taxa. In cyclidiids, oral membranelles are characteristically fragmented, poorly organized or ungrouped and arranged longitudinally along the length of the buccal field. In addition, their PM is hook-like and has a conspicuous, posteriorly located scutica composed of paired basal bodies (Table 3 ). All of these characteristics exclude Eurystomatella from the family Cyclidiidae. The buccal morphology and infraciliature of taxa in the family Pleuronematidae are highly specialized, with an asymmetrical, hook-shaped PM, thread-like oral membranelles arranged along the longitudinal axis of the PM and several shortened 'paroral' somatic kineties (Long et al., 2007a; Wang et al., 2008a) ; therefore, there is no justification for assigning Eurystomatella to this family either.
It should be emphasized that the appearance of the buccal field and PM are unique among all known scuticociliates. The PM is almost completely closed in most of them, and all the oral membranelles are packed together at the 'corner' of a huge buccal field. Additionally, the cytostome is always positioned at or near the 'bottom' of the buccal field in all known members of the order Pleuronematida. By contrast, the cytostome is located very far towards the 'top' of the buccal field (anterior to middle) in E. sinica, another very rare feature amongst other scuticociliates.
In conclusion, the unique buccal structures and general morphology of E. sinica indicate that it should be assigned to a new family Eurystomatellidae distinct from the families Cyclidiidae and Pleuronematidae (Table 3) , but related to them by molecular information. The closely packed oral membranelles of E. sinica composed of multiple rows may represent a primitive stage of evolution within the eurystomatellid-cyclidiid-pleuronematid lineage, because they show similarities to the later stages in stomatogenesis of other scuticociliates (Ma & Song, 2003; Ma et al., 2004) . If this hypothesis is correct, the more substantial oral membranelles of Eurystomatella may represent the form that was ancestral to the relatively narrow oral membranelles of cyclidiids and pleuronematids, explaining the divergent position of Eurystomatella in our phylogenetic trees.
At present, only a few scuticociliates (e.g. Eurystomatella, pleurostomatids and Philasterides) are known to have a buccal apparatus with four or more membranelles; almost all other scuticociliates have three isolated membranelles in their buccal apparatus (Corliss, 1979; Long et al., 2007b; Lynn & Small, 2002; Ma & Song, 2003; Miao et al., 2008; Shang et al., 2006; Song, 2000; Wang et al., 2008a, b) . We described the oral structure in Eurystomatella according to the pattern in pleurostomatids. However, it is almost impossible to define the oral membranelles in our new organism with confidence because no stomatogenetic data are available at the moment. Thus, our numbering of the membranelles 1 to 3 in the description is provisional. M3 could actually be part of M2b and M2a might be, in fact, the real M3. Final definition will await further morphogenetic studies.
Two new ciliates from the north China seas, Schizocalyptra aeschtae nov. spec. and Sathrophilus holtae nov. spec., with new definition of the poorly-outlined genus Sathrophilus (Ciliophora, Oligohymenophora). Acta Protozool 46, 229-245. 
